The extent of linkage disequilibrium (LD) was studied in two small food-gathering populations-Evenki and Saami-and two larger food-producing populations-Finns and Swedes-in northern Eurasia. In total, 50 singlenucleotide polymorphisms (SNPs) from five genes were genotyped using real-time pyrophosphate DNA sequencing, whereas 14 microsatellites were genotyped in two X-chromosomal regions. In addition, hypervariable region I of the mtDNA was sequenced to shed light on the demographic history of the populations. The SNP data, as well as the microsatellite data, reveal extensive levels of LD in Evenki and Saami when compared to Finns and Swedes. mtDNA-sequence variation is compatible with constant population size over time in Evenki and Saami but indicates population expansion in Finns and Swedes. Furthermore, the similarity between Finns and Swedes in SNP alleleand haplotype-frequency distributions indicate that these two populations may share a recent common origin. These findings suggest that populations such as the Evenki and the Saami, rather than the Finns, may be particularly suited for the initial coarse mapping of common complex diseases.
Introduction
Linkage disequilibrium (LD)-the nonrandom association of alleles at different loci on the same chromosome (Lewontin and Kojima 1960) -is determined by factors, such as regional recombination rates, that are intrinsic to the genome and by the demographic history of a population (Hartl and Clark 1997) . Studies of LD between microsatellites (Tishkoff et al. 1996 (Tishkoff et al. , 1998 (Tishkoff et al. , 2000 Kidd et al. 2000) and, more recently, between SNPs (Reich et al. 2001 ) have provided new insights into the origin and history of human populations. For example, LD levels much higher in non-African than in African populations (Reich et al. 2001) may reflect a population bottleneck that is associated with the origin of non-African populations . LD has also been used to localize genes that are involved in monogenic disease (Jorde 2000) , such as diastrophic dysplasia (Hä stbacka et al. 1992) . In these studies, populations believed to have been descended from a small number of founders and to have been relatively isolated over a long time have been studied. The best example of such a population is the Finnish population, in which many recessive diseases that elsewhere are rare or absent are highly enriched and in which, conversely, other diseases, such as cystic fibrosis or phenylketonuria, that are common elsewhere in Europe are rare (Peltonen et al. 1999 ). This unusual disease pattern suggests a past founder effect, and this seems to be corroborated by the successful mapping of 130 monogenic, generally recessive and rare diseases (Wright et al. 1999; Peltonen 2000; Peltonen et al. 2000) . The successes achieved in LD mapping of monogenic diseases in Finns and other similar populations have increased hopes that these populations may be useful also for the mapping of genes underlying susceptibility to common complex diseases.
In spite of the great interest in LD mapping, few studies have compared the extent of LD among human populations, and those that have been performed have yielded somewhat bewildering results. For example, Sardinians and Finns-both considered to be isolated populations that are suitable for LD mapping-carry LD levels that are similar to other populations in Europe and the United States Jorde et al. 2000; Taillon-Miller et al. 2000) . By contrast, the Saami, in northern Europe, who are not known to be characterized by any unusual spectrum of genetic diseases, have been shown to carry extensive LD between microsatellites (Laan and Pää bo 1997) .
To compare LD levels among human populations that differ with regard to their demographic histories, we studied four populations (Evenki, Finns, Saami, and Swedes) that differ substantially in size and demographic history (table 1) . In each population, we genotyped 50 common (Sajantila et al. 1995 .
SNPs from five genomic loci, as well as 14 microsatellites in two X-chromosomal regions. In addition, we characterized mtDNA variation in each population.
Subjects and Methods

Population Samples
DNA samples from the Evenki were collected in three villages located on the Amur River in northern Siberia. The Saami represent a random sample (DNA provided by Lars Beckman [Umeå University]) of unrelated individuals from the Saami community in Sweden. The Swedish DNA samples were collected by Andreas Kindmark (Uppsala University) and represent individuals from central Sweden. They were collected in the course of osteoporosis studies at the Akademiska Hospital in Uppsala. Microsatellites were genotyped in Finnish DNA samples that were kindly provided by Leena Peltonen (University of Helsinki). They were collected randomly from a panel of Finnish samples representing several different regions in Finland. The same samples were also used and described elsewhere (Varilo et al. 2000) . The male Finnish samples used for SNP typing were from a diverse panel of individuals from Finland and were kindly provided by Antti Sajantila (University of Helsinki). They were collected in the course of paternity testing at the University of Helsinki and represent unrelated individuals from all over Finland. The four female samples used for SNP typing in Finns were from the collection of L. Peltonen (see above).
Whereas all 47 Evenki and 45 Saami samples used for SNP typing were from female individuals, DNA samples from Finns (35 males and 4 females) and Swedes (21 males and 18 females) were from individuals of both sexes. All Evenki ( ), Saami ( ), Finnish n p 71 n p 54 ( ), and Swedish ( ) samples used for the n p 80 n p 41 microsatellite study were from male individuals.
PCR, Genotyping, and DNA Sequencing
DNA fragments from ACE (∼7.2 kb), b-globin (∼2.8 kb), LPL (∼8.7 kb), and Xq13.3 (∼10.5 kb) were amplified by 100-200 ng of total genomic DNA with the Boehringer Expand kit and a thermal cycler (MJ Research). Buffer and enzyme concentrations, as well as cycling conditions, were as recommended by the supplier. The 300-bp fragment from the MX locus was amplified according to standard PCR procedures, by use of Taq polymerase (Perkin Elmer). One microliter of the product from these reactions was used to further amplify shorter DNA segments (i.e., for ACE, 5 fragments of 100-430 bp; for b-globin, 5 fragments of 150-650 bp; for LPL, 30 fragments of 100-630 bp; and, for Xq13.3, 6 fragments of 210-640 bp) according to standard procedures, by use of one biotinylated primer. PCRs were prepared using a Biomek 2000 robot. All primer sequences are available from the authors on request. PCR products were prepared for real-time pyrophosphate DNA sequencing (including annealing of sequencing primers) essentially as described by Alderborn et al. (2000) .
The loci and primers for microsatellite typing were chosen from the Généthon genetic map (Dib et al. 1996) and multiplexed, according to PCR conditions and product sizes, such that all alleles could be separated on an ALF DNA Sequencer (Pharmacia Biotech). PCRs were performed using a hot-start procedure as described by Laan and Pä ä bo (1997) . Allele determination was performed using Fragment Manager software (Pharmacia Biotech). The amplification sets of markers were, from Xq13-21 (preannealing at 52ЊC), AFM078za1/ AFM311vg5/AFM285xg5, AFM116xg1/AFM207zg5/ AFMa040, and AFMc020wb9/AFM234tf8 and, from Xp22 (preannealing at 55ЊC), AFM120xa9/ AFM291wf5, AFM135xe7/AFM337wd5/AFM234yf12, and AFM164zd4. Microsatellite haplotypes were reconstructed manually. Microsatellite data from seven of the 
Figure 3
Relationship between mean level of LD (as measured by D ) and the distance between SNPs in ACE, b-globin, LPL, and Xq13.3 for the four populations studied.
Xq13-21 loci (DXS983, DXS986, DXS8092, DXS8082, DXS1125, DXS8037, and DXS995) for the Finns, the Swedes, and the Saami were from studies described elsewhere (Laan and Pä ä bo 1997) . PCR amplification of hypervariable region I (HVRI) of the mtDNA from Evenki was performed essentially according to standard procedures and was sequenced on ALF DNA Sequencers (Pharmacia Biotech).
Real-Time Pyrophosphate DNA Sequencing
The single-stranded PCR samples, which were annealed with their respective sequencing primers (see above), were transferred to a translucent 96-well plate for real-time pyrophosphate DNA sequencing (Ronaghi et al. 1996 (Ronaghi et al. , 1998 . DNA sequence reading was performed using a P3 PSQ 96 instrument (Pyrosequencing AB) and the PSQ 96 SNP reagent kit (Pyrosequencing AB). A unique dispensation order that was complementary to the template and included both alleles was specified for each SNP.
Selection of SNP Markers
The following markers from ACE (Rieder et al. 1999) , b-globin (Harding et al. 1997) , LPL (Nickerson et al. 1998) , MX (Jin et al. 1999) , and Xq13.3 (Kaessmann et al. 1999) , which all (except for SNP 22 at Xq13.3) have minor-allele frequencies 1.05, were genotyped in all populations (sequence positions as indicated in the original publications): for ACE (GenBank accession number AF118569), markers 3872, 7831, 8968, 9222, and 10514; for b-globin (GenBank accession number L26474), markers 145, 297, 1416, 1423, 2634, 2636, and 2792; for LPL (GenBank accession number AF050163), markers 736, 1216, 1220, 1286, 1571, 2131, 2500, 2996, 3022, 3723, 3843, 4343, 4346, 4418, 4576, 4872, 5441, 5554, 5687, 6250, 6595, 6678, 7315, 7360, 7754, 8089, 8292, 8393, 8644, 8755, and 8852; for MX (GenBank accession number L35674), marker 2712; and, for Xq13.3 (GenBank accession numbers AJ241023-AJ241093), SNPs 4-6, 16, 17, and 22.
LD Analyses
The 50 SNPs are in Hardy-Weinberg equilibrium in all populations ( ), when tested using ARLEQUIN P 1 .01 2.0. We used an expectation-maximization algorithm (Weir 1996) to obtain maximum-likelihood estimates of haplotype frequencies (with each haplotype consisting of a pair of SNPs). We measured LD by use of the D statistic (Lewontin 1964) . The significance of allelic association of a pair of SNPs was calculated using Fisher's exact test. In this analysis, we excluded all monomorphic sites and singletons. A Monte Carlo approximation of Fisher's exact test was used to describe the extent of nonrandom allelic association between pairs of microsatellite loci. The tail probability (P value) of this test was computed with GenePop (Raymond and Rousset 1994) as described elsewhere (Laan and Pää bo 1997) .
Haplotype Analysis
The haplotype frequencies of the different regions were estimated using the PHASE program (Stephens et al. 2001) . Each run of the program was repeated 10 times with different seeds. To generate the frequency of each haplotype, the average frequency generated by these runs was calculated. Haplotypes with an average frequency !0.8 were ignored. (10) NOTE.-Chromosomal locations were determined using the Ensembl database.
Statistical Analysis
To test for population differentiation, we calculated the F st statistic (Weir 1996) with ARLEQUIN 2.0. Assuming selective neutrality, we used Tajima's (1989) D neutrality test to detect population growth in the mitochondrial HVRI sequences. Allele frequencies for each microsatellite locus were estimated by the F stat software. Locus diversity was calculated as , where is
the estimated frequency of the ith allele at the locus (Weir 1996) .
Results
LD
The Evenki and the Saami are comparatively small populations that traditionally practice hunting, gathering, and, for some time, reindeer herding (i.e., they are food gatherers) (table 1), whereas the Finns and the Swedes are larger populations that practice agriculture (i.e., they are food producers). In each of these populations, four loci-for which extensive comparative DNA sequence data from different populations around the world are available-were studied; these loci are ACE (located at 17q23) (Rieder et al. 1999) , b-globin (located at 11p15.5) (Harding et al. 1997) , LPL (located at 8p22) (Nickerson et al. 1998) , and a noncoding Xchromosomal region (Xq21.1, which was formerly mapped to Xq13.3 and is so termed here) (Kaessmann et al. 1999) . For each locus, SNPs (except for one SNP at Xq13.3; see "Subject and Methods") that have a minor-allele frequency 10.05 and that together define all major haplotypes identified in previous studies were selected. In total, 5 SNPs from ACE, 7 SNPs from bglobin, 31 SNPs from LPL, and 6 SNPs from Xq13.3 were genotyped in 47 Evenki, 45 Saami, 39 Finns, and 39 Swedes; in addition, 1 SNP in the MX region (located at 21q22.3) (Jin et al. 1999 ) was scored.
Pairwise LD was estimated for each population by use of Fisher's exact test and by excluding monomorphic sites, as well as sites where the minor allele was present in a single chromosome in a population. The fraction of linked SNP pairs that show significant LD ( )
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P ! 10 was 60% in Evenki (277/465 pairs), 48% in Saami (160/ 331 pairs), and 29% in both Finns (145/502 pairs) and Swedes (144/502 pairs). If only common SNPs (i.e., those for which the minor allele showed a frequency 10.1) were considered, 91% of all pairs showed LD in Evenki (273/300 pairs), 61% in Saami (161/262 pairs), 33% in Finns (141/430 pairs), and 32% in Swedes (141/ 437 pairs) ( fig. 1 ). The average P values of all LD comparisons for the Evenki and Saami were four orders of magnitude smaller than those for the Finns and Swedes (i.e., vs. , respectively). Furthermore,
Ϫ8 Ϫ4
P ∼ 10 P ∼ 10 for all three loci where the same number of chromosomes were studied in all populations, the fraction of pairs of common SNPs showing significant LD was greater in the Evenki and Saami than in the Finns and Swedes ( fig. 1) .
At LPL, where the most SNPs were assayed, the Evenki show significant LD for 76% (56/74) of SNP pairs separated by 15 kb, and the Saami showed significant LD for 33% (13/39) of such SNP pairs. In Finns and Swedes, 11% (8/75) and 5% (4/75), respectively, of such SNP pairs showed LD ( fig. 2) . Note that the significance values calculated for each population are a function of both the LD level and the sample size. However, the difference in sample size between the Evenki and Saami (47 and 45 individuals, respectively) and the Finns and Swedes (39 individuals both) is unlikely to account for the substantial differences in significance levels observed. When LD was measured using the D statistic (Lewontin 1964), the average D was found to be ∼0.94 in the Evenki and ∼0.87 in the Saami, whereas it was found to be ∼0.73 in the Finns and ∼0.67 in the Swedes. When plotted as a function of the physical distance ( fig. 3) , D declines at a much lower rate in the Evenki and Saami than in the Finns and Swedes, remaining 10.8 at an intermarker distance of 8 kb in the former two populations. Indeed, not a single SNP pair in the Evenki showed D !0.4. Thus, substantially more LD between SNPs exists in the Evenki and Saami than in the Finns and Swedes.
To estimate LD over larger genetic distances, we analyzed 14 microsatellites (table 2) that are located !1-16 cM apart in two X-chromosomal regions (Xq13-21 and Xp22) (tables 2-4). Both X-chromosomal regions show elevated levels of LD in the Saami and Evenki as compared to the Finns and Swedes. In the Saami and Evenki, 20 and 12 microsatellite pairs, respectively, exhibit significant LD, whereas, in the Finns and Swedes, there is LD between a single locus pair (tables 3-5). Furthermore, there is LD between several microsatellites that are located 11 cM apart in the Evenki and Saami, whereas the single pair for which LD is seen in Finns and Swedes spans !1 cM. Thus, both short-and longrange LD is dramatically elevated in the Saami and Evenki when compared to that in Finns and Swedes.
Allele-Frequency Distributions
The distributions of allele frequencies in the Finns and Swedes ( fig. 4 ) are very similar, whereas the Evenki and Saami show greater differences both with Finns and Swedes and with each other. The average differences in the allele frequencies confirm this view ( fig. 5 ). When the F statistic (Wright 1921 ) is used to calculate the proportion of variation that can be attributed to between-population variation (table 6), the results similarly show that the Finns and Swedes are more alike than any of the other populations studied. In fact, all pairwise comparisons involving either the Evenki or the Saami indicate significant differentiation between populations, except for the Saami-Finns pair. Here, the hypothesis that these two groups (i.e., the Finns and the Saami) are a part of the same population cannot be rejected, although the P value is suggestive ( ). P p .095 It is possible that the Saami and Finns have a relatively low F value because of a low degree of admixture between the populations. This is supported by the observation that, although Saami and Finns differ substantially from each other when nuclear markers are analyzed (Sajantila and Pää bo 1995; Lahermo et al. 1996) , 37% of the Saami carry an mtDNA sequence motif that is absent in other European populations but is present at a very low frequency in Finns (Sajantila et al. 1995) .
Haplotype Diversity and Distribution
Haplotypes were estimated using the PHASE method (Stephens et al. 2001) . When the haplotype distributions are compared in the four populations for the four loci ( fig. 6 ), the distributions in the Finns and the Swedes seem to resemble each other more than those in the other populations do. This impression is confirmed when the haplotype-frequency differences between populations are calculated ( fig. 7) . The haplotype-frequency difference between the Finns and the Swedes is smaller than that between any other pair of populations, whereas each comparison involving the Evenki is larger than the comparisons involving the Fenno-Scandinavian populations.
mtDNA Variation
We used Tajima's (1989) D statistic to test if the variation found in mtDNA HVRI sequences is compatible with constant population size. Whereas the hypothesis of constant population size cannot be rejected in the Evenki and Saami (table 1), HVRI sequences from the Finns and Swedes show significantly negative values ( ), indicating population growth if selective neu-P ! .05 trality is assumed. It is possible that the absence of growth signals in the former two populations is because low-frequency variants (Harpending et al. 1998 ) have
Figure 4
Minor-allele frequencies of 50 SNPs from ACE, b-globin, LPL, MX, and Xq13.3 for the four populations studied
Figure 5
Average allele-frequency differences between pairs of populations. Table 6 Pairwise Population Differences as Estimated by F st Comparisons Combining SNP Data from ACE, b-Globin, LPL, and MX
Swedes
Finns Evenki Saami Swedes: been lost from the gene pool because of genetic drift (Excoffier and Schneider 1999) .
Discussion
Population Differences in LD
Genetic diversity is strikingly differently distributed in the four populations studied. First, the Evenki and Saami have a much greater extent of LD over both short and long distances than do the Finns and Swedes. In the Evenki and Saami, LD extends for у8 kb for SNPs and 15 cM for microsatellites (tables 3-5) . Second, although frequency distributions of SNP alleles (figs. 4 and 5 and table 6) and haplotypes (figs. 6 and 7) are similar in the Finns and Swedes, the Evenki and Saami differ both from each other and from the other populations. Third, the pattern of mtDNA-sequence variation is compatible with constant population size in the Evenki and Saami, whereas constant population size is rejected in the Finns and Swedes.
These differences can be reasonably explained by differences in the history of these populations. Whereas the Evenki (census size ∼58,000 individuals) and the Saami (census size ∼60,000 individuals) (table 1) have been of small and presumably constant size over a long period of time (see above) (Laan and Pää bo 1997) , the Finns and the Swedes are larger populations that have most likely expanded. Thus, genetic drift can be expected to have been a much stronger factor in the Evenki and the Saami because of their small and constant size (Slatkin 1994; Jorde 2000; Zö llner and von Haeseler 2000) . This is consistent both with the differences in mtDNA-sequence-diversity patterns in the four groups and with the greater extent of LD observed in the Evenki and the Saami and is reminiscent of the situation in subisolates that derive from larger populations (Zavattari et al. 2000; Angius et al. 2001) . It is also compatible with the observation that, for LPL, the locus where the largest number of SNPs were studied, substantially more haplotypes were observed in the Finns (26) and Swedes (28) than in the Evenki (11) and Saami (15). Furthermore, the Evenki and Saami (for the three loci-ACE, b-globin, and LPL-for which sample sizes are approximately the same for all populations) have one and two monomorphic sites, respectively, as well as several singletons and doubletons, whereas there are no such sites in the Finns and Swedes (fig. 4) .
One may argue that population subdivision or admixture may have contributed to the extensive LD in the Evenki and Saami. However, in a subdivided population (Hartl and Clark 1997) or after a very recent and sudden admixture event (Pritchard and Przeworski 2001) , interlocus LD is expected-but not observedin the Evenki and Saami ( fig. 1 ). It may also be possible that low, but constant, rates of gene flow from neighboring populations with divergent allele frequencies may have increased levels of LD in the Evenki and Saami. If this were true, allele frequencies for SNPs that show extensive LD should substantially differ between the populations that contribute to the admixture. For example, if the Finns were the population that contributed divergent haplotypes to the Saami, then the allele frequency should differ between the Finns and Saami at sites that show extensive LD in the Saami. Although such a pattern is not apparent in our data (not shown), this hypothesis is difficult to test in a rigorous way. In summary, the pattern of reduction in genetic variation in the Evenki and Saami is consistent with the hypothesis that strong genetic drift has affected these populations. Although this may not be the only factor that has raised levels of LD in the Evenki and Saami, it is likely to be the major factor.
Figure 6
Overview of distributions of haplotypes that occur at a frequency 10.1 in at least one population. The missing piece of each pie chart represents haplotypes that occur in frequencies !0.1 in all populations.
Food Production versus Food Gathering
The Evenki and Saami traditionally practice hunting and gathering food (although, since a few hundred years ago, they also practice reindeer herding), whereas the Finns and Swedes traditionally practice agriculture. Since food-gathering populations have generally been small and stationary over time, whereas food producers generally live in large populations that have recently expanded, it is possible that, in contrast to food-producing populations, a majority of food-gathering populations may show extensive levels of LD. Indeed, it is noteworthy that one hunter-gatherer population in India (Mountain et al. 1995) and three food-gathering populations in Africa (Watson et al. 1996) similarly differ from foodproducing groups that live in their respective regions by showing no indication of past population growth when mtDNA sequences are analyzed. Obviously, this does not exclude the possibility that bottleneck effects (e.g., infectious diseases) may have produced high levels of LD also in some food-producing populations.
The Finnish Bottleneck
The similarity between Finns and Swedes in allele and haplotype frequencies indicates that these two populations may be descended from the same central European source population-as has been suggested by Sajantila
Figure 7
Average haplotype-frequency differences (for haplotypes occurring at a frequency 10.1 in at least one population) between populations studied. and Pää bo (1995). Furthermore, the similar level of LD in Finns and Swedes that has been observed in this and other studies Jorde et al. 2000; Taillon-Miller et al. 2000) indicates that a strong founder effect cannot have been associated with the origin of the Finnish population. However, a "mild" bottleneck involving a founding population smaller than the Swedish founding population is compatible with the LD observed for Finns (average ), which was somewhat D ∼ 0.73 greater than that for Swedes ( ). It is also com-D ∼ 0.67 patible with the unusual spectrum of monogenic diseases in Finland, as well as with the reduced variation in Ychromosomal microsatellites Kittles et al. 1998 Kittles et al. , 1999 and mtDNA sequences in Finns. Since they are more affected by genetic drift than autosomal and X-chromosomal loci because of their smaller effective population size, the Y chromosome and mtDNA are more likely to show the effects of a founder effect than are other parts of the genome.
Implications for Gene Mapping
Our results have important implications for the choice of populations for gene-mapping studies. We have previously suggested that LD created by genetic drift in small populations of constant size, such as the Saami, may be useful, in the identification of genetic regions involved in common disease (Laan and Pää bo 1997; Terwilliger et al. 1998) . However, such populations will be unsuited for fine mapping, because markers far away from the disease locus may also show significant association with disease genes. Others have recently suggested a two-step strategy in which coarse mapping would be done with western European populations followed by fine-scale mapping with African populations (Reich et al. 2001 ). The extremely high levels of LD in the small and constant food-gathering populations suggest that a three-step mapping strategy may be more economical for diseases common enough to be observed in populations of an approximate size of 50,000. In such a strategy:
1. A rough identification of the region of a disease locus should be performed in small and constant populations, such as the Saami or the Evenki. A map of moderate marker density is sufficient for this initial step, because markers at large distances from the disease locus will show significant LD with disease alleles in these populations. A further advantage may be that the number of disease alleles present in such populations may be smaller than that in larger populations. However, it may be advisable to perform this first step in more than one small population, since different loci may be responsible for the same disease phenotype in different populations.
2. The location of a disease gene will be confirmed and further defined in non-African, food-producing populations that have expanded, such as the Finns and the Swedes. In this step, denser maps from the candidate region that was identified in the first step are required to compensate for the lower level of LD.
3. African populations should be considered, since they will show significant LD only over very short distances (Reich et al. 2001) . Thus, if a marker shows significant association, it is likely to be close to the disease allele so that one can hope to identify a small number of candidate genes for further study.
Obviously, the proposed mapping strategy has a number of limitations. For example, it requires that the loci underlying the disease phenotype are the same in the populations studied. It furthermore requires that the diseases studied are common enough to allow its study in a population of !100,000 individuals. However, when this is the case, we believe that populations such as the Evenki and the Saami have the potential to be extremely useful for the identification of genes underlying complex diseases, as well as for the identification of complex normal traits.
LD Landscapes
LD seems to be present in regions, or "blocks," in the human genome Rioux et al. 2001) .
The breakpoints between such blocks may be due to recombinational hotspots and to random events during the coalescence of human genes. The difference between small and constant populations (e.g., the Saami and the Evenki) and large, expanded populations (e.g., the Finns and the Swedes) in extent of LD is likely to be because LD blocks present in the larger populations are fused to "superblocks" in the smaller populations. For example, a clear breakpoint in LD that is seen in LPL (between sequence positions 2987 and 4872) in Finns and Swedes, as well as other populations (Templeton et al. 2000) , is absent in Saami and Evenki ( fig. 1) .
To efficiently economize the number of SNPs necessary to perform a whole-genome screen, it will be important to characterize the LD landscape in the populations considered. That food-producing Europeans seem to share many features, including haplotype frequencies (figs. 6 and 7), makes it likely that they will all share the same or similar LD landscapes. However, for small, constant populations, it is likely that the LD landscape of each population will be different. Thus, for such populations, the LD landscapes may have to be independently characterized to economically use the LD patterns for genetic mapping. However, this will be a worthwhile undertaking if these populations are indeed useful for the mapping of genes involved in the etiology of common diseases and complex traits.
